
From: Ray, Lauren
To: Hillary Young
Cc: David Cates; Johnson, Ken-E; Dorsey, Nancy
Subject: RE: Mid-Way Hall Plots
Date: Wednesday, October 7, 2020 2:25:00 PM
Attachments: Mid-Way Hall Plot EPA R6 review 10-07-2020.docx

Good afternoon Hillary and David.
Nancy and Ken reviewed the Mid-Way Environmental Services Hall Plot report, and their combined
comments are attached. The attached includes a table (appendix) with suggested references for
Mid-Way/A&M Engineering on Hall Plots.
Take a look at the comments, and if you would like to discuss further or get clarification, we can set
up a call/Teams meeting.
Lauren Ray
U.S. EPA, Region 6
Water Quality, Groundwater/UIC Section
Source Water Protection
(214) 665-2756
ray.lauren@epa.gov

From: Hillary Young <Hillary.Young@deq.ok.gov> 
Sent: Tuesday, October 06, 2020 3:31 PM
To: Ray, Lauren <Ray.Lauren@epa.gov>; Dorsey, Nancy <Dorsey.Nancy@epa.gov>
Cc: David Cates <David.Cates@deq.ok.gov>; Johnson, Ken-E <Johnson.Ken-E@epa.gov>
Subject: Mid-Way Hall Plots
Lauren:
As discussed, I have attached the Mid-Way Hall plot analysis. Please let us know if you have any
comments.
Have a great afternoon,
Hillary
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EPA R6 Comments to Mid-Way Environmental Services Hall Plot

1. No Hall derivative is calculated, which is critical to characterizing long term injection behavior for the well as it continues to operate.  

2. Multiple slope changes are evident on the Hall integral plot, and the inclusion of the Hall derivative function helps with the assessment of the Hall integral slope changes to interpret the well’s injection behavior.

3. No reservoir parameters or static reservoir pressures were provided by the operator to clarify how the Hall integral was computed other than injection well surface pressures and volumes. All input values for the Hall integral plot should be included in the report.

4. Since the Hall plot is supposed to be part of an area seismicity assessment for the well, seismic events should be shown on the Hall plot in a format referred to by EPA as a tandem plot (Hall integral, derivative, and seismic events out to a specified search radius all plotted against corresponding cumulative water injection).

5. The operator is recommended to read one or more of the recent papers (see Appendix) on the Hall integral use, including discussions of how the derivative function is computed to make appropriate revisions to the report and the actual usages of the method--(unlike their statements in Sections IV, Discussion and V, Recommendation).

6. If the operator feels the time information is too large an interval, perhaps they could report daily values in order to get a better result, or adjust the timing within the days of the month.

7. Interpretive suggestions include a more detailed view of the initial slope(s) and a description of identification of what constitutes radial flow. There are at least 6 slope changes evident even without seeing the derivative plot.

8. The interpretation should provide a reasoned explanation for the pattern of slope changes seen over time, for example, specific well work operations, or distance to possible, probable or known fractures, faults or open conduits.

9. Please clarify if March 2015 is when initial injection took place.

If DEQ would like EPA to take a look at the data these are additional items we need, that perhaps should also have been in the report:

a. Outside tubing diameter; and if available, inside diameter or type of tubing.

b. Packer depth or bottom of the tubing if open hole.

c. Specific gravity range of the injected fluids.

d. Initial bottomhole pressure of the injection formation if available.

e. Latitude and longitude, and datum used.



Other issues/considerations regarding Mid-Way, not specifically comments to this Hall Plot:

10. Isn’t there a horizontal well in close proximity?

11. [bookmark: _Hlk52964105][bookmark: _GoBack]The falloff test on this well indicated a massive fracture (several thousand feet long). and possibly a couple of faults (in close proximity).

APPENDIX: Recommended Hall Plot References

		Authors

		Year

		Title

		Source

		Pages

		Abstract



		Amedu, J. and C. Nwokolo



	

		2013

		Improved Well and Reservoir Production Performance in Waterflood Reservoirs-Revolutionizing the Hall Plot

		SPE 167602-MS

		10

		Overtime waterflood has proven to be the most versatile of reservoir development strategies as the relative flexibility, relatively mature technology and adaptability in a variety of environments and patterns makes it frequently the economic and safe option. This paper presents experiences garnered from a high resolution well and reservoir surveillance in a waterflood asset and clearly demonstrates that effective waterflood performance management is key to realizing the full potentials of waterflood developments especially in sedimentary systems with marked micro and macro stratigraphic and structural heterogeneities.



		Aschehoug, M. and C. S. Kabir

		2013

		Real-Time Evaluation of Carbon Dioxide Production and Sequestration in a Gas Field

		SPE 163149-PA

		10

		The production of a substantial fraction of carbon dioxide (CO2) in any hydrocarbon-gas stream poses a significant challenge in terms of separation and sequestration. Both environmental concerns and economic incentives encourage the operators to search for safe, cost-effective ways of disposing of CO2. This paper presents a case study in which a pragmatic solution of CO2 separation at surface and its disposal in a saline aquifer occur in close proximity to its source. A suite of both modern and classical analytical tools is used to understand the production behavior of individual wells. This understanding is imperative because production volume is dictated by the ability to dispose of the associated CO2 volumes to honor the fault-activation pressure limit. The analytical tool kit--transient-productivity index (PI), combi..



		Buell, R. R., H. Kazemi, and F. H. Poettmann

		1990

		Analyzing Injectivity of Polymer Solutions with the Hall Plot

		SPE 16963-PA

		6

		The Hall plot was originally used to analyze water-injection wells. This paper demonstrates that the Hall plot can also be used to analyze injection of polymer solutions. In particular, it is possible to determine the in-situ and residual resistance factors of a polymer solution from the Hall plot. The analysis methods developed are used to examine two field injection tests and one hypothetical example. The analytical results are verified with a reservoir simulator.



		Dambani, S. L.

		2013

		Analysis of Injectivity Decline in some Deepwater Water Injectors

		Imperial College London MSc Petroleum Studies

		92 (App F, 79-88)

		Appendix F: Well Diagnostic Analysis

Diagnostic test using pressure fall off (PFO) analysis, Halls integral and derivative, and pressure-rate plots were used to check wells for pore space and fracture face plugging.

(downloaded from the web)





		Fekete; downloaded 

		2016

		Surveillance Analysis Theory

		http://www.fekete.com/SAN/WebHelp/FeketeHarmony/Harmony_WebHelp/Content/HT...

		4

		



		Gogri, M., J. M. Rohdler, C. S. Kabir, M. Pranter and Z. Reza

		2017

		Prognosis for Safe Water-Disposal Operations and Practices Based on Reservoir Flow Modeling and Real-Time Performance analysis

		SPE 187083-MS

		20

		Oklahoma has been at the center stage of induced seismicity. Water-disposal activities have been attributed to trigger the increasing number of seismic events. The objective of the study is to provide a simple diagnostics method and procedure for safe water-disposal operations. A comprehensive suite of scenarios and parameters has been analyzed that affect water disposal. Prognosis based on this study will lead to safe water-disposal operation without the adverse effect.



A suite of reservoir models involving water injection helped understand disposal-well performance. The well operational limits correspond to disposal-zone fracture gradient. The modified-Hall analysis is employed to ascertain the point of departure from normal injection behavior. 



		Hall, H.N.

		1963

		How to analyze waterflood injection well performance  

		World Oil, October 1963

		128 - 130

		First presentation of the technique.



		Hawe, D. E.

		1976

		Direct Approach Through Hall Plot Evaluation Improves the Accuracy of Formation Damage Calculations and Eliminates Pressure Fall-Off Testing

		SPE 5989-MS

		25

		In the operation of a waterflood program, it becomes necessary to determine injective capacity through the evaluation of individual injection well performance. With the occurrence of a decrease in a particular well's injectivity, the need arises for a direct calculation of capacity loss or well-bore damage. In the course of normal operations then, a pressure fall off test is usually run on the problem well to determine the existence and extent of damage. These tests are lengthy, time consuming, and costly.



		Honarpour, M. M. and L. Tomutsa

		1990

		Injection/Production Monitoring Method for Reservoir Characterization

		SPE 20262-MS

		13

		Geological heterogeneities controlling fluid flow paths in the Department of Energy Tertiary Incentive Project (TIP) area in Unit 'A' of Bell Creek (MT) field were identified and described using injection, production, pressure, pressure falloff, and pulse test data. Monthly injection rate and pressure data, over a period of 10 years of linedrive waterflooding followed by 6 years of 20-acre, five-spot, water and micellar-polymer injection, were analyzed using the Hall plot method. Water production front tracking and mathematical simulation results were integrated with information obtained from geological analysis and provided an improved interwell formation characterization. This integrative approach provided information about interwell reservoir properties such as directional transmissivities, fluid flow patterns,



		Izgec, B.

		2015

		Integrated Injection Modeling

		SPE 174840-PT, video and publication

		

		The success of a waterflood is mainly determined by the performance of injector wells. This work outlines a simple three-stage integrated workflow for optimizing injector well performance.



In the first stage of workflow, matrix injection, fracture propagation, and plugging periods are identified with advanced Hall plots. In the second stage, field reported pressures are matched with a full field thermal/ geomechanical simulator. The final stage consists of duplicating the characteristic advanced Hall plot patterns with the history matched simulation model. At this stage, the previously history matched model is further fine-tuned to duplicate the characteristic advanced Hall plot patterns that were generated with field data.



Once complete, this fine-tuned model helps us understand the changes in fracture gradient caused by depletion and cooling, the extent and direction of the fracture and the impact of water quality on the overall performance.



		Izgec, B., and C. S. Kabir

		2011

		Identification and Characterization of High-Conductive Layers in Waterfloods

		SPE 123930-PA

		7





















		This study expands upon the use of modified-Hall analysis (MHA) to discern the characteristics of a high-permeability channel. Briefly, the modified-Hall plot uses three curves involving improved Hall-integral (H-I) and the two derivatives, analytic and numeric. Ordinarily, the derivative curves overlay on the integral curve during matrix injection, but separates lower when fracturing occurs. This work presents a method to identify and characterize high-conductive layers or channels between injector and producer pairs with the MHA. The distance separating the integral and derivative curves provides the required information to quantify channel properties. A simple analytical solution is presented for transforming the separation distance into channel permeability-thickness product.



		Izgec, B., and C. S. Kabir

		2009

		Real-time performance analysis of water-injection wells

		SPE 109876-PA

		116-123

		This work presents a complete reformulation of the Hall method involving both pre- and post-breakthrough situations. Two approaches involving both transient and pseudosteady-state methods produced very similar solutions, which were verified with the results of coupled geomechanical/fluid-flow simulations. The new formulations allow tracking the expanding water-bank radius from inception to breakthrough. Pressure of this bank at the water/oil interface is evaluated at every timestep, thereby allowing continuous update of the 'external pressure' in Hall's formulation. We show that Hall's formulation is a particular case of the proposed approach. Several simulated and field examples demonstrate the value of reformulated Hall analysis.



		Mihcakan, I. M., E. I. Antinay, and I. Kasap

		2005

		The Hall Plot Analysis of Water Injection Test Affected by Geothermal Reservoir Response

		Proceedings World Geothermal Congress

		9

		Water injectivity into geothermal reservoirs is discerned by water injection tests conducted in injection wells and may continue for weeks. The evolution of an injectivity test and the responsive variations in reservoir properties may be ascertained by the steady-state Hall-plot analysis. Thus the efficiency of injectivity may be evaluated by such analysis method, in a continuous manner.



		Yoshioka, K., B. Izgec and R. Pasikki

		2008

		Optimization of Geothermal Well Stimulation Design Using a Geomechanical Reservoir Simulator

		Stanford proceedings SGR-TR-185

		9 (Hall 6 – 7)

		Conventional geothermal applications are limited to

those with sufficient temperature, thermal gradient,

and permeability. If these applications could be

expanded to those with low or zero permeability,

tremendous energy resources would suddenly be

available. Thermal fracturing techniques are being

looked at as potential methods of commercializing

these types of reservoirs.








